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Summary
Background.  —  Studies  on  intracardiac  echocardiography  for  transcatheter  closure  of  secundum
atrial septal  defect  (ASD)  only  include  ASDs  ≤  38  mm  diameter  without  rim  deﬁciency.
Aims. —  To  assess  transcatheter  closure  of  complex  ASDs  under  intracardiac  echocardiography
guidance.
Methods. —  Retrospective  study  from  January  2006  to  January  2012  in  all  consecutive  adultechocardiography
imaging
patients referred  to  our  centre  for  percutaneous  device  closure  of  ASD.  Complex  cases  were
deﬁned as  defect  >  38  mm  and/or  defect  with  rim  deﬁciency  other  than  the  anterior-superior
rim.
Results.  —  Transcatheter  closure  was  performed  in  93  consecutive  adult  patients  (59  women)
with a  median  age  of  48  (18—88)  years.  Complex  cases  comprised  17  patients  (18%)  with  a
Abbreviations: ACSO, Amplatzer Cribriform Multi-Fenestrated Septal Occluder; ASD, atrial septal defect; ASO, Amplatzer Septal
ccluder; ECG, standard 12-lead electrocardiography; ICE, intracardiac echocardiography; PFO, patent foramen ovale; TEE, transoe-
ophageal echocardiography; TTE, transthoracic echocardiography.
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median  age  of  54  (20—81)  years  and  a  median  weight  of  58  (45—99)  kg.  Thirteen  cases  had
one or  more  deﬁcient  rims  other  than  the  anterior-superior  rim,  whereas  nine  had  an  ASD
size >  38  mm.  Transcatheter  closure  was  successful  in  14  cases,  whereas  three  cases  failed
(18%). Minor  complications  occurred  in  three  patients  (18%).  All  the  other  non-complex  ASDs
were successfully  closed  percutaneously.  Among  the  93  patients,  rim  deﬁciency  other  than  the
anterior-superior  rim  tended  to  be  associated  with  failure  of  transcatheter  closure  (P  =  0.058).
Conclusion.  —  Transcatheter  closure  of  complex  ASDs  is  safe  and  effective  under  intracardiac
echocardiographic  guidance.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Contexte.  — Les  études  sur  l’échographie  intracardiaque  dans  la  fermeture  par  cathétérisme
interventionnel  des  communications  interauriculaires  ostium  secundum  incluent  seulement  les
défauts septaux  de  diamètre  ≤  38  mm  sans  berges  déﬁcientes.
Objectif.  —  Évaluer  la  fermeture  par  cathetérisme  et  sous  par  échographie  intracardiaque  des
communications  interauriculaires  complexes.
Méthodes.  —  Il  s’agit  d’une  étude  rétrospective  entre  janvier  2006  et  2012  incluant  tous  les
patients adultes  référés  dans  notre  centre  pour  la  fermeture  par  cathétérisme  interventionnel
d’une communication  interauriculaire.  Les  défauts  septaux  complexes  étaient  déﬁnis  par  un
diamètre >  38  mm  et/ou  une  ou  plusieurs  berges  déﬁcientes  autre  que  l’antéro-supérieure.
Résultats.  —  La  fermeture  percutanée  a  été  effectuée  consécutivement  chez  93  patients
adultes (59  femmes)  à  l’âge  médian  de  48  (18—88)  ans.  Dix-sept  patients  (18  %)  étaient  des  cas
complexes avec  un  âge  et  un  poids  médian  de  54  (20—81)  ans  et  58  (45—99)  kg  respectivement.
Treize cas  avaient  une  ou  plusieurs  berges  déﬁcientes  autres  que  l’antéro-supérieure  alors  que
9 patients  avaient  un  défaut  septal  >  38  mm  de  diamètre.  La  fermeture  par  cathétérisme  a  été
efﬁcace dans  14  cas  et  un  échec  dans  3  cas  (18  %).  Des  complications  mineures  sont  survenues
chez 3  patients  (18  %).  Toutes  les  communications  interauriculaires  non  complexes  ont  été  fer-
mées avec  succès.  Parmi  les  93  patients,  la  déﬁcience  d’une  berge  autre  que  l’antéro-supérieure
tendait à  être  associée  à  un  échec  de  fermeture  (p  =  0,058).
Conclusion.  — La  fermeture  par  cathetérisme  des  communications  interauriculaires  complexes
est efﬁcace  et  non  risquée  avec  l’échographie  intracardiaque.
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Background
Transcatheter  closure  under  transoesophageal  echocardi-
ography  (TEE)  and  intracardiac  echocardiography  (ICE)
guidance  has  become  an  accepted  alternative  to  surgical
repair  for  most  types  of  ostium  secundum  atrial  septal
defect  (ASD)  [1,2].  The  technique  is  commonly  used  in
patients  with  a  defect  <  38  mm  in  diameter  without  deﬁcient
rims,  and  allows  safe  and  effective  ASD  closure  in  80—88%  of
unselected  cases  [3,4].  However,  TEE  is  associated  with  the
need  for  general  anaesthesia  in  the  majority  of  the  cases
and  may  provide  suboptimal  imaging  and  measurement  of
the  defect  [5—7].
Despite  the  risk  inherent  to  its  invasive  nature,  with  the
need  for  an  8-French  sheath  venous  access,  ICE  provides
excellent  real-time  detailed  images  that  can  be  invaluable  in
guiding  certain  cardiac  interventions  [8].  For  transcatheter
ASD  closure,  this  obviates  the  need  for  general  anaes-
thesia  and  has  become  a  safe  monitoring  technique,  with
decreased  procedural  time  and  radiation  exposure  com-
pared  with  TEE  [6,9].  Moreover,  ICE  has  been  demonstrated
to  be  more  accurate  than  TEE  for  taking  anatomical  mea-
surements  and  guiding  implantation  [6,9,10].  However,  most
studies  on  ICE  monitoring  for  transcatheter  ASD  closure  also
S
as  droits  réservés.
ncluded  cases  of  patent  foramen  ovale  (PFO)  [6,8—13],  with
he  exception  of  one  cost-effectiveness  study  [14], two  stud-
es  comparing  TEE  and  ICE  [5,15]  and  one  report  on  children
eighing  <  15  kg  [16].  Moreover,  in  all  the  previously  pub-
ished  studies  on  ICE  monitoring,  large  ASDs  (>  38  mm)  and
efects  with  deﬁcient  rims  were  excluded,  whereas  the  fea-
ibility  of  transcatheter  closure  under  TEE  monitoring  has
een  reported  in  such  cases  [4,17—20].  Consequently,  the
easibility  of  ASD  closure  under  ICE  guidance  in  complex
ases  (>  38  mm  and/or  deﬁcient  rims)  has  not  been  demon-
trated.
The  aim  of  the  present  study  was  to  assess  the  safety
nd  effectiveness  of  ICE  monitoring  for  transcatheter  clo-
ure  of  secundum  ASDs  in  an  unselected  patient  population
ncluding  complex  cases  with  large  (>  38  mm)  ASDs  and/or
eﬁcient  rims.
ethodsince  2006  in  our  institution,  ICE  has  fully  replaced  TEE  as
 guiding  imaging  tool  for  transcatheter  ASD  closure  in  the
6a
g
o
a
o
s
f
f
w
i
p
f
a
w
a
h
e
d
a
P
c
A
e
(
a
a
a
d
p
r
(
r
w
e
t
s
s
[
t
a
d
c
b
s
a
t
E
T
a
s
M
c
(
e
n
i
i
t
t
w
t
a
t
d
d
s
D
I
T
o
u
a
i
5
t
A
T
s
f
b
b
l
p
p
w
D
T
o
d
d
v
d
t
M
t
M
E
w
T
g
w
I
r
I
w
d
s48  
dult  population.  Children  still  undergo  ASD  closure  under
eneral  anaesthesia  and  TEE  guidance  because  of  their  lack
f  cooperation,  the  need  for  an  additional  8-French  venous
ccess  and  the  extra  cost  of  ICE  that  does  not  offset  the  cost
f  anaesthesia  care  in  France.  Hence,  we  retrospectively
tudied  all  consecutive  adult  patients  referred  to  our  centre
or  percutaneous  device  closure  of  ostium  secundum  ASD
rom  January  2006  to  January  2012.  This  retrospective  study
as  approved  by  the  local  ethics  committee.
Patients  aged  ≥  18  years  with  a  haemodynamically  signif-
cant  ostium  secundum  ASD  were  eligible  for  the  ICE-guided
rocedure,  including  those  with  clinical  signs  of  heart
ailure,  signiﬁcant  arrhythmia  or  a  Qp/Qs  ratio  >  1.5.  In
ddition,  transcatheter  closure  was  proposed  for  patients
ith  secundum  ASDs  presenting  with  a  stroke  or  showing
ny  evidence  of  paradoxical  embolization,  regardless  of  the
aemodynamic  signiﬁcance.  All  patients  with  a  PFO  were
xcluded  from  the  study.  Three  patients  with  Down’s  syn-
rome  had  transcatheter  closure  under  general  anaesthesia
nd  were  also  excluded.
reintervention protocol and deﬁnition of
omplex cases
ll  patients  had  a  physical  examination,  standard  12-lead
lectrocardiography  (ECG),  transthoracic  echocardiography
TTE)  and  TEE.  TTE  and  TEE  included  multiple  views  to
ssess  the  ASD  number,  position,  diameter,  rim  adequacy
nd  relationship  with  adjacent  cardiac  structures.  The  rim
round  the  ASD  was  classiﬁed  as  adequate  (≥  5  mm)  or
eﬁcient  (<  5  mm)  for  the  coronary  sinus  rim,  the  inferior-
osterior  rim  (towards  the  inferior  vena  cava),  the  inferior
im  (towards  the  atrioventricular  valves),  the  posterior  rim
towards  the  pulmonary  veins)  and  the  superior-posterior
im  (towards  the  superior  vena  cava)  [17].  Although  patients
ith  rim  deﬁciencies  and  those  with  large  defects  are  gen-
rally  contraindicated  [3,5,11—13],  we  consider  them  for
ranscatheter  closure  in  our  institution,  based  on  previous
tudies  [17—20]  and  our  experience  of  successful  closure  in
uch  complex  cases  with  a  modiﬁed  implantation  method
4].
Consequently,  we  deﬁned  a  case  as  ‘complex’  when
ranscatheter  closure  was  attempted  in  a  patient  usu-
lly  referred  for  surgery  [3,5,11—13]:  diameter  of  the
efect  >  38  mm  (on  precatheterization  TEE  and/or  per-
atheterization  ICE  and/or  after  calibration  with  the  sizing
alloon)  and/or  any  rim  deﬁciency  other  than  the  anterior-
uperior  rim,  as  it  is  well  established  that  deﬁciency  in  the
nterior-superior  rim  towards  the  aorta  does  not  inﬂuence
he  success  rate  of  transcatheter  ASD  closure  [3,4].
chocardiographical guidance
he  ICE  catheter  was  introduced  via  the  femoral  vein  using
n  8-French  sheath  (11-French  up  to  March  2009).  An  Acu-
on  AcuNav  TM  ultrasound  catheter  (Siemens  Ultrasound,
ountain  View,  CA,  USA)  was  used  for  imaging  and  echo-
ardiography  was  performed  with  an  Acuson  Sequoia  C512
Siemens  Ultrasound,  Mountain  View,  CA,  USA)  by  the  same
xperienced  echocardiographer  (G.H.).  The  imaging  tech-
ique  for  ICE  in  ASD  closure  has  already  been  reported
n  detail  [6—10].  Brieﬂy,  the  probe  is  advanced  to  the
(
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nteratrial  septum  level  and  the  catheter  is  manoeuvred
o  provide  four  standardized  views:  the  ‘home  view’,  with
he  transducer  towards  the  tricuspid  valve;  the  septal  view,
ith  the  transducer  towards  the  interatrial  septum  to  image
he  defect  and  the  interatrial  septum;  a  horizontal  long-
xis  view  or  four-chamber  view,  with  the  transducer  towards
he  superior  vena  cava  (and  the  inferior  vena  cava  by  with-
rawing  the  probe);  and  a  perpendicular  short-axis  view,
isplaying  the  aortic  valve  in  cross  section  (and  the  anterior-
uperior  rim).
evice closure protocol
nterventional  procedure
he  protocol  of  device  closure  has  been  reported  previ-
usly  [21].  Brieﬂy,  transcatheter  closure  was  performed
sing  venous  access  through  the  femoral  vein  under  local
naesthesia.  Patients  received  100  IU/kg  of  heparin  (max-
mum  5000  IU)  and  antibiotic  prophylaxis  (cefamandole:
0  mg/kg).  All  patients  underwent  right  heart  catheteriza-
ion  as  a  ﬁrst  step  in  the  interventional  procedure.
trial  septal  defect  sizing  method
wo  perpendicular  unstretched  ASD  diameters  were  mea-
ured  by  ICE.  Balloon  sizing  of  the  defect  was  only  performed
or  large  (>  20  mm)  or  complex  defects,  with  the  Meditech
alloon  (Boston  Scientiﬁc,  Watertown,  MA,  USA).  The  sizing
alloon  was  introduced  over  the  guidewire,  passed  into  the
eft  atrium  and  inﬂated;  it  was  gradually  deﬂated  until  it
assed  across  the  ASD  then  it  was  passed  through  a  sizing
late  to  determine  the  stretched  diameter  of  the  defect,
hich  corresponded  with  the  waist  diameter  of  the  balloon.
evice  selection  and  implantation
he  closure  device  was  selected  based  on  the  type  and  size
f  the  ASD.  A  size  2  mm  greater  than  the  stretched  diameter
evice  was  generally  chosen,  except  in  cases  with  important
iscrepancies  between  the  size  of  the  defect  on  different
iews,  where  a  device  smaller  than  the  largest  measured
iameter  was  implanted.
Three  types  of  device  were  used:  the  Amplatzer  Sep-
al  Occluder  (ASO)  (AGA  Medical  Corporation,  Plymouth,
N,  USA);  the  Amplatzer  Cribriform  Multi-Fenestrated  Sep-
al  Occluder  (ACSO)  (AGA  Medical  Corporation,  Plymouth,
N,  USA);  or  the  Cardia  Intrasept  ASD  Occluder  (Cardia  Inc.,
agan,  MN,  USA).
The  ASO  was  used  for  single  or  adjacent  multiple  defects,
hereas  the  ACSO  was  used  for  distant  multiple  defects.
he  Cardia  Intrasept  ASD  Occluder  was  only  used  in  one  sin-
le  small  ASD  case.  The  adequate  positioning  of  the  device
as  assessed  under  simultaneous  ﬂuoroscopic  guidance  and
CE.  Before  and  after  release  of  the  device,  positioning  and
elationships  with  cardiac  structures  were  studied  on  ICE.
n  cases  with  a  large  defect,  additional  transthoracic  views
ere  often  obtained.  The  presence  of  a  residual  shunt  was
ocumented  by  Doppler  ﬂow  imaging  showing  a  left-to-right
hunt  across  the  interatrial  septum;  it  was  deﬁned  as  trivial
<  1  mm  jet  width),  small  (1—2  mm),  moderate  (2—4  mm)  or
arge  (>  4  mm)  [3].
When  the  conventional  implantation  technique  failed,
 modiﬁed  implantation  technique  involving  the  sizing
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balloon  was  employed,  based  on  our  previously  published
work  [4].  Brieﬂy,  the  sizing  balloon  (Meditech;  Boston  Scien-
tiﬁc,  Watertown,  MA,  USA)  was  advanced  over  a  wire  placed
in  the  left  or  right  superior  pulmonary  vein,  and  was  inﬂated
within  the  interatrial  septum  or  sometimes  even  in  the  left
atrium  in  order  to  use  it  as  a  rim  to  anchor  the  device.  There-
after,  the  Amplatzer  device  was  fully  deployed  while  the
balloon  was  still  inﬂated.  Once  the  Amplatzer  device  was
fully  delivered  with  the  inﬂated  balloon  between  the  left
and  right  atrial  disc,  the  balloon  was  slowly  deﬂated.  If  this
approach  failed,  we  tried  this  modiﬁed  implantation  tech-
nique  again,  with  delivery  of  the  left  atrial  disc  just  outside
the  opening  of  the  right  superior  pulmonary  vein.
Follow-up and medical treatment
Patients  were  evaluated  by  clinical  examination,  ECG  and
TTE  on  the  day  after  implantation.  After  discharge,  follow-
up  ECG  and  TTE  were  performed  1  week,  1  month  and  6
months  after  ASD  closure.  Further  life-long  follow-up  was
recommended,  with  ECG  and  TTE  1  year  after  ASD  closure
and  every  other  year.
Acetylsalicylic  acid  (160  mg/day)  was  started  after  the
procedure  and  maintained  for  6  months  after  transcatheter
closure.  Patients  with  pre-existing  anticoagulation  therapy
were  maintained  with  the  same  treatment  without  addi-
tional  antiplatelet  therapy.
Statistical analyses
Data  are  expressed  as  mean  ±  standard  deviation  if  nor-
mally  distributed  or  as  the  median  (range).  Analyses  were
performed  to  compare  complex  and  non-complex  cases
(Table  1)  and  to  identify  the  factors  that  could  be  associated
with  the  occurrence  of  failure.  Non-parametric  two-sided
tests  were  used  to  compare  continuous  data  (Mann-Whitney
test)  and  categorical  data  (Fisher’s  exact  test).  For  all  two-
tailed  tests,  a  value  of  P  <  0.05  was  regarded  as  statistically
signiﬁcant.  All  analyses  were  performed  using  SPSS  soft-
ware,  version  17.0  for  Windows  (SPSS  Inc.,  Chicago,  IL,  USA).
Results
Patient population
Ninety-three  patients  (59  women;  63%)  underwent  transcat-
heter  closure  of  an  ostium  secundum  ASD  during  the  study
period,  at  a  median  age  of  48  (18—88)  years.  Twenty-seven
patients  (29%)  had  pulmonary  arterial  hypertension  with  a
mean  pulmonary  artery  pressure  ≥  25  mmHg,  which  was  con-
sidered  to  be  reversible  in  all  cases  because  of  signiﬁcant
left-to-right  shunt  (Qp/Qs  ratio  >  1.5/1)  on  room  air  and/or
vasodilatation  testing  with  inhaled  nitric  oxide  plus  oxygen.
Complex  cases  comprised  17  patients  (18%),  including  11
women,  with  a  median  age  of  54  (20—81)  years  and  a  median
weight  of  58  (45—99)  kg.  Thirteen  patients  presented  with
one  or  more  deﬁcient  rims  other  than  the  anterior-superior
rim,  whereas  nine  had  an  ASD  diameter  >  38  mm  (Table  1).
The  median  ASD  diameter  in  complex  cases  was  39  (18—43.5)
mm.
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Demographic  and  clinical  data  for  complex  and  non-
omplex  cases  are  compared  in  Table  2.  There  were  no
tatistical  differences  between  the  two  groups,  except
hat  only  non-complex  cases  presented  with  a paradoxical
mbolism  (P  =  0.037).
ranscatheter closure
ranscatheter  closure  was  attempted  in  the  17  complex
ases  under  ICE  guidance  (Table  1; Fig.  1).  The  median  size
f  the  17  ASO  devices  used  was  40  (20—40)  mm,  including
 40  mm  ASO  in  10  patients.  The  modiﬁed-sizing  balloon-
ssisted  technique  was  used  to  adequately  position  the
evice  in  10  complex  cases.
Failure  to  close  the  ASD  percutaneously  occurred  in
nly  three  complex  cases:  one  patient  with  complete
nferior-posterior  rim  deﬁciency;  one  patient  with  an  ASD
f  diameter  >  40  mm  (42  mm  by  ICE  with  unrestrictive  pas-
age  of  the  40  mm  sizing  balloon  through  the  defect);  one
atient  with  a very  large  defect  and  inferior  rim  deﬁciency.
In  another  complex  case  with  a  moderately  sized  ASD  and
nferior-posterior  deﬁciency,  the  defect  was  measured  as
eing  20  mm  by  ICE.  We  decided  to  implant  a  22  mm  device
ithout  conﬁrmation  of  the  ASD  size  by  balloon  sizing.  How-
ver,  although  the  device  was  correctly  positioned,  it  looked
versized  under  ICE  imaging  with  ‘mushrooming’  misconﬁg-
ration.  The  device  was  removed  because  of  the  potential
isk  of  erosion,  and  balloon  sizing  of  the  defect  was  per-
ormed.  The  diameter  was  found  to  be  18  mm  and  a  20  mm
SO  was  subsequently  implanted  with  an  excellent  result.
o  other  complex  patient  required  more  than  one  device.
The  remaining  76  non-complex  cases  were  successfully
losed  with  the  device  initially  selected  after  ASD  sizing.
mplatzer  devices  were  used  in  all  cases,  except  in  one
atient  with  a  small  ASD  in  whom  one  25  mm  Cardia  Intrasept
SD  Occluder  was  implanted.  Eight  patients  with  multi-
le  ASDs  received  an  ACSO  (25/25  mm  in  three  patients,
5/35  mm  in  one  patient  and  40/40  mm  in  four  patients).
Minor  complications  included:  eight  cases  of  haematoma
t  the  femoral  puncture  site  that  healed  spontaneously;
ne  migraine  headache  (probably  related  to  nickel  allergy
nd  successfully  treated  with  prednisone);  and  two  mild
ericardial  effusions  that  healed  spontaneously.  Major
omplications  only  occurred  in  three  non-complex  patients:
ne  important  groin  haematoma  requiring  blood  transfu-
ion;  one  retroperitoneal  haematoma  that  was  hyperalgic
or  10  days;  and  one  arterial  tear  (laceration  of  a  perivesical
ranch  of  hypogastric  artery)  successfully  treated  by  percu-
aneous  embolization.  There  were  no  signiﬁcant  differences
etween  complex  and  non-complex  patients.
The  only  borderline  statistically  relevant  risk  factor  for
ailure  to  close  the  ASD  was  the  presence  of  deﬁcient  rims
ther  than  the  anterior-superior  rim  (P  =  0.058).
ollow-up
he  mean  hospital  stay  was  3  ±  2  days,  without  any  dif-
erence  between  complex  and  non-complex  cases.  After  a
ean  follow-up  of  3.3  ±  0.8  years,  all  patients  are  doing
ell.  Three  non-complex  patients  have  a  mild  residual  shunt
y  TTE.
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Table  1  Characteristics  and  transcatheter  closure  in  complex  cases.
Patient  Rim  deﬁciency  ASD  size,  by  ICE  (mm)  Device  size  (mm)  MSBAT  Success  Minor  complications
1  SP  37  40  +  +
2  SP  41  40  +  +  GH  +  PE
3  IP  43.5  40  +  +
4  IP  39  40  +
5  40  40  +
6  P  34  36  +  +
7  P  26  28  +  +
8  42  40  +
9  IP  18  20  +
10  39  40  +
11  IP  34  36  +
12  IP  24  28  +
13  SP  34  36  +
14  P  36  36  +  +  PE
15  P  40  40  +  +
16  39  40  +  +  GH
17  I  41  40
ASD: atrial septal defect; GH: groin haematoma; I: inferior rim; ICE: intracardiac echocardiography; IP: inferior-posterior rim; MSBAT:
modiﬁed-sizing balloon-assisted technique; P: posterior rim; PE: pericardial effusion; SP: superior-posterior rim.
Table  2  Comparison  of  complex  and  non-complex  cases  treated  with  transcatheter  closure.
Non-complex  cases  (n  =  76)  Complex  cases  (n  =  17)  P
Age  (years)  47  ±  18  49  ±  19  0.65
Men  28  (37)  6  (35)  0.91
Body  surface  area  (m2)  1.76  ±  0.22  1.72  ±  0.23  0.44
Clinical  characteristics
Dyspnoea  28  (37)  7  (41)  0.79
Arrhythmias  12  (16)  4  (24)  0.48
Paradoxical  embolism  16  (21)  0  (0)  0.037
Ischaemic  stroke 15  (20)  0  (0)  0.06
Acute  myocardial  infarction 1  (1) 0  (0)  0.999
Chest  pain 7  (9) 0  (0) 0.34
mPAP  (mmHg)  21.6  ±  9  24.3  ±  11  0.23
Qp/Qs  ratio  2.1  ±  0.8  2.2  ±  0.5  0.49
Procedural  time  (minutes)  92  ±  38  101  ±  39  0.43
Complications  (per  patient) 9  (12)  3  (18)  0.46
Minor  6  (8)  3  (18)  0.36
Major  3  (4)  0  (0)  0.999
Data are mean ± standard deviation or number (%). mPAP: mean pulmonary artery pressure.
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everal  previous  studies  have  demonstrated  the  feasibility
f  transcatheter  ASD  closure  under  ICE  guidance  in  non-
omplex  cases  [5—16].  With  18%  of  cases  being  complex,  our
tudy  is  the  ﬁrst  to  assess  ICE-guided  closure  in  an  unselected
dult  population.
In  the  present  study,  rim  deﬁciency  other  than  the
nterior-superior  rim  was  considered  as  the  only  borderline
isk  factor  for  failure  to  close  the  ASD  (P  =  0.058).  Among
a
h
e
c3  cases  with  deﬁcient  rim  other  than  the  anterior-superior
im,  11  were  successfully  closed,  whereas  two  cases  failed;
oth  combined  inferior  rim  deﬁciency,  inferior-posterior  rim
eﬁciency  and  very  large  defects  (diameter  36  to  >  40  mm).
nly  a  few  previous  reports  have  validated  transcatheter
losure  in  cases  with  deﬁcient  rims,  under  TEE  or  ICE  guid-
nce  [17,19,20]. However,  the  vast  majority  of  the  patients
ad  deﬁciency  of  the  anterior-superior  rim  [17,20],  with  the
xception  of  one  recent  study  that  speciﬁcally  addressed
ases  with  inferior-posterior  rim  deﬁciency  [19]. Due  to
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Figure 1. A large ostium secundum defect measuring 37 mm, with potential deﬁciency of the inferior-posterior rim, which cannot be
clearly seen by transoesophageal echocardiography (A). The deﬁciency of the inferior-posterior rim (arrow) can be seen more distinctly
with intracardiac echocardiography (septal view; B); the defect measures 39 mm. An attempt to close with a 40 mm Amplatzer Septal
Occluder device failed initially, with immediate prolapse of the left atrial disc through the defect, which is evident on the intracardiac
hniq
I
p
d
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dechocardiogram (C). With the use of the modiﬁed-sizing balloon tec
several  modiﬁed  implantation  methods  developed  to  opti-
mize  device  closure  in  challenging  cases  [4], deﬁciency  of
the  anterior-superior  rim  does  not  represent  a  contraindica-
tion  in  the  current  era  [3,4,17—20].  Such  patients  were  not
included  in  our  complex  cases  group.
Also,  transcatheter  closure  of  very  large  defects
(>  38  mm)  was  likewise  accomplished  in  eight  out  of  our
nine  cases  with  a  40  mm  ASO  device.  No  major  compli-
cation  occurred  in  this  challenging  subgroup  of  patients.
In  a  previous  international  registry  reporting  transcathe-
ter  closure  under  TEE  or  ICE  in  33  patients  with  the  40  mm
ASO,  three  of  the  patients  required  emergency  surgery  for
device  embolization  (n  =  2)  or  atrial  wall  perforation  (n  =  1).
n
t
t
fue, the device can be successfully positioned (D) and released (E).
nterestingly,  the  two  device  embolizations  reported  in  this
revious  study  occurred  under  TEE  guidance,  whereas  no
evice  embolized  under  ICE  guidance  [18].
In  agreement  with  other  reports,  we  found  that  ICE
rovides  a  better  view  of  the  posterior-inferior  portion
f  the  interatrial  septum  than  TEE  [6,7,9,11]. Moreover,
CE  seems  to  result  in  less  underestimation  of  the  defect
han  TEE,  allowing  more  accurate  selection  of  the  closure
evice  [5,12].  In  the  present  study,  only  one  complex  patient
eeded  an  additional  device  because  the  device  chosen  ini-
ially,  based  on  ICE  assessment  alone,  was  too  large.  All
his  suggests  that  ICE  offers  the  most  effective  approach
or  closure  of  cases  with  large  defects  and  deﬁcient  rims.
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egardless  of  ICE  accuracy,  it  is  essential  and  manda-
ory  to  perform  precatheterization  TEE  in  every  patient,
o  rule  out  any  cardiac  features  that  may  contraindicate
ranscatheter  closure,  such  as  abnormal  pulmonary  venous
eturn  or  complete  inferior-posterior  rim  deﬁciency.  Addi-
ionally,  although  this  was  not  performed  systematically  in
ur  patient  population,  three-dimensional  TEE,  which  pro-
ides  more  precise  imaging  and  measurements,  such  as  the
ircular  index  of  the  ASD  (deﬁned  as  the  ratio  of  the  maximal
iameter  to  the  minimal  diameter  on  a  three-dimensional
mage),  should  better  clarify  the  indications  for  transcathe-
er  closure  in  the  near  future  [22].
tudy limitations
eyond  its  retrospective  nature,  our  study  limitations  lie  in
he  exclusive  adult  population  that  was  involved.  For  several
ell-recognized  reasons  (cost  of  the  ICE,  systematic  general
naesthesia  in  paediatric  population,  increased  morbidity
f  an  additional  venous  access  in  children  compared  with
dults),  transcatheter  ASD  closure  in  children  is  performed
nder  general  anaesthesia  and  TEE  guidance  in  our  institu-
ion.  Finally,  there  was  no  control  group  with  TEE  guidance.
omparison  between  the  two  imaging  techniques  in  terms
f  cost  and  feasibility  of  transcatheter  closure  in  complex
ases  would  have  been  particularly  interesting  with  such  a
ontrol  group.
onclusion
ranscatheter  closure  of  ASD  under  ICE  monitoring  is  safe
nd  efﬁcient  in  an  unselected  patient  population  including
omplex  cases.  More  studies  are  needed,  as  well  as  long-
erm  follow-up,  to  conﬁrm  the  safety  and  efﬁcacy  of  ICE  in
his  patient  population.
isclosure of interest
lain  Fraisse  is  a  consultant  and  proctor  for  St.  Jude  Medical,
rance.
The  other  authors  declare  that  they  have  no  conﬂicts  of
nterest  concerning  this  article.
cknowledgements
he  authors  wish  to  thank  Jeanne  Mangialomini  for  editorial
ssistance.
eferences
[1] Du ZD, Hijazi ZM, Kleinman CS, Silverman NH, Larntz K.
Comparison between transcatheter and surgical closure of
secundum atrial septal defect in children and adults: results
of a multicenter nonrandomized trial. J Am Coll Cardiol
2002;39:1836—44.
[2] Vida VL, Berggren H, Brawn WJ, et al. Risk of surgery for con-
genital heart disease in the adult: a multicentered European
study. Ann Thorac Surg 2007;83:161—8.
[A.  Assaidi  et  al.
[3] Butera G, Romagnoli E, Carminati M, et al. Treatment of
isolated secundum atrial septal defects: impact of age and
defect morphology in 1013 consecutive patients. Am Heart J
2008;156:706—12.
[4] Kammache I, Mancini J, Ovaert C, Habib G, Fraisse A. Fea-
sibility of transcatheter closure in unselected patients with
secundum atrial septal defect, using Amplatzer devices and a
modiﬁed-sizing balloon technique. Catheter Cardiovasc Interv
2011;78:665—74.
[5] Bartel T, Konorza T, Barbieri V, Erbel R, Pachinger O, Muller
S. Single-plane balloon sizing of atrial septal defects with
intracardiac echocardiography: an advantageous alternative to
ﬂuoroscopy. J Am Soc Echocardiogr 2008;21:737—40.
[6] Boccalandro F, Baptista E, Muench A, Carter C, Small-
ing RW. Comparison of intracardiac echocardiography versus
transesophageal echocardiography guidance for percutaneous
transcatheter closure of atrial septal defect. Am J Cardiol
2004;93:437—40.
[7] Hijazi Z, Wang Z, Cao Q, Koenig P, Waight D, Lang R. Transcat-
heter closure of atrial septal defects and patent foramen ovale
under intracardiac echocardiographic guidance: feasibility and
comparison with transesophageal echocardiography. Catheter
Cardiovasc Interv 2001;52:194—9.
[8] Zanchetta M, Rigatelli G, Pedon L, Zennaro M, Onorato E,
Maiolino P. Intracardiac echocardiography during catheter-
based procedures: ultrasound system, examination technique,
and image presentation. Echocardiography 2002;19:501—7.
[9] Bartel T, Konorza T, Arjumand J, et al. Intracardiac echocar-
diography is superior to conventional monitoring for guiding
device closure of interatrial communications. Circulation
2003;107:795—7.
10] Bartel T, Konorza T, Neudorf U, et al. Intracardiac echocardi-
ography: an ideal guiding tool for device closure of interatrial
communications. Eur J Echocardiogr 2005;6:92—6.
11] Koenig P, Cao QL, Heitschmidt M, Waight DJ, Hijazi ZM. Role of
intracardiac echocardiographic guidance in transcatheter clo-
sure of atrial septal defects and patent foramen ovale using
the Amplatzer device. J Interv Cardiol 2003;16:51—62.
12] Rigatelli G, Cardaioli P, Giordan M, et al. Transcatheter
intracardiac echocardiography-assisted closure of interatrial
shunts: complications and midterm follow-up. Echocardiogra-
phy 2009;26:196—202.
13] Rigatelli G, Dell’Avvocata F, Cardaioli P, et al. Five-year
follow-up of transcatheter intracardiac echocardiography-
assisted closure of interatrial shunts. Cardiovasc Revasc Med
2011;12:355—61.
14] Alboliras ET, Hijazi ZM. Comparison of costs of intracardiac
echocardiography and transesophageal echocardiography in
monitoring percutaneous device closure of atrial septal defect
in children and adults. Am J Cardiol 2004;94:690—2.
15] Kim NK, Park SJ, Shin JI, Choi JY. Eight-French intracardiac
echocardiography: safe and effective guidance for transcathe-
ter closure in atrial septal defects. Circ J 2012;76:2119—23.
16] Patel A, Cao QL, Koenig PR, Hijazi ZM. Intracardiac echocardi-
ography to guide closure of atrial septal defects in children less
than 15 kilograms. Catheter Cardiovasc Interv 2006;68:287—91.
17] Du ZD, Koenig P, Cao QL, Waight D, Heitschmidt M, Hijazi
ZM. Comparison of transcatheter closure of secundum atrial
septal defect using the Amplatzer septal occluder associated
with deﬁcient versus sufﬁcient rims. Am J Cardiol 2002;90:
865—9.
18] Lopez K, Dalvi BV, Balzer D, et al. Transcatheter closure of large
secundum atrial septal defects using the 40 mm Amplatzer
septal occluder: results of an international registry. Catheter
Cardiovasc Interv 2005;66:580—4.19] Papa M, Gaspardone A, Fragasso G, et al. Feasibility and safety
of transcatheter closure of atrial septal defects with deﬁcient
posterior rim. Catheter Cardiovasc Interv 2013;81:1180—7.
Intracardiac  echography  for  complex  atrial  septal  defect  
[20] Thanopoulos BD, Dardas P, Ninios V, Eleftherakis N, Karanasios
E. Transcatheter closure of large atrial septal defects with deﬁ-
cient aortic or posterior rims using the ‘‘Greek maneuver’’. A
multicenter study. Int J Cardiol 2013;168:3643—6.
[21] Masura J, Gavora P, Formanek A, Hijazi ZM. Transcatheter
closure of secundum atrial septal defects using the new
[653
self-centering amplatzer septal occluder: initial human expe-
rience. Cathet Cardiovasc Diagn 1997;42:388—93.22] Seo JS, Song JM, Kim YH, et al. Effect of atrial septal defect
shape evaluated using three-dimensional transesophageal
echocardiography on size measurements for percutaneous clo-
sure. J Am Soc Echocardiogr 2012;25:1031—40.
